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ABSTRACT

This report contains propellant test results from cartons of TP-H10l1ll
bulk propellant representing LGM=-30F and G First Stage Minuteman Motors.
This report uses a statistical approach to analyze the bulk carton pro-
pellant data. Testing was accomplished in accordance with MMWRBA Project
M04046C.

The data from this test period are combined with data from previous
testing and entered into the G085 Computer for storage, analysis, and
regression analysis. From the statistical analysié of all data tested
to date (fifteen and one-half years for F & G), significant degradation
of the propellant does not appear likely for at least two years past the
oldest data point.

Each point on the regression plot representé the mean of all samples
at that particular age. The number of samples at each point is indicated -
on the sample size summary sheet on the page accompanying each regression
plot or group of regression plots. The data range at any age can be found ~

by suitable inquiry of the G085 System.
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GLOSSARY OF TERMS AND ABBREVIATIONS

A change in properties or petforménce resulcing
from aging of material or component

Cross Sectional Area
Dogbone
Gradual deterioration of properties or performance

Modulus (psi), defined as stress divided by strain
along the initial linear portion of the curve.

End Bonded

Effective Gage Length

Strain at maximum stress

Strain at rupture

The ratio of the variance accounted for by the
regression function to the random unexplained
variance. The regression function having the
most significant "F" ratio is used for plotting
data. The ratio is also used in detecting signi-

ficant changes in random variation between
succeeding time points

Joint Army, Navy, NASA, Air Force Committee

Propellant Lab Section at Ogden Air Logistics Center

Ogden Air Logistics Center, Air Force Logistics
Command

The Correlation Coefficient is a measure of the
degree of closeness of the linear relationship
between two variables

The general form of the linear regression equation
is Y = a + bx

Line representing mean test values with respect

to time

Standard error of estimate of the regression
coefficient
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GLOSSARY OF TERMS AND ABBREVIATIONS (cont)

Se or SY.X

Sn
Sr

Stai.dard
Deviation (Sy)

Strain Rate

" test

Variance

3 Sigma Band

90-90 Band

Significant

Standard deviation of the data about the
regression line

Maximum Stress
Stress at rupture

Square root of variance

Crosshead speed divided by the EGL

A statistical test used to detect significant
differences between a measured parameter and an
expected value of the parameter (determines if
regression slope differs from zero at the 95%
confidence level)

The sum of squares of deviations of the test
results from the mean of the series after divi-
sion by one less than the total number of test
results

The area between the upper and lower 3 sigma
limit. It can be expected that 99.73% of the
inventory represented by the test samples would
fall within this range assuming that the popu-
lation is normally distributed.

It can be stated with 90 confidence that 90X of
the inventory represented by the test samples
would fall within this range assuming that the
population 1s normally distributed

As used in the statistical sense, means a
difference unlikely to have been the result of
random sampling from some specified population.




D e -

INTRODUCTION
A. PURPOSE:
Laboratory testing has been performed for fifteen and one-half years
on First Stage LGM-30F and G Minuteman Motor propellant blocks to evaluate
the effects of aging on TP-H10ll propellant. This report comtains those
tests conducted on propellant as instructed in MMWRBA Test Directive GID-~
1C, Amendment 2, LGM-30 First Stage Operational Propellant Laboratory testing.
Statistical analysis of the data from tests performed will provide
early warning if seriouys degradation trends develop. Annual evaluation
of the propellant provides data for input into engineering reliability

analysis for service life predictions.

B. BACKGROUND:

LGM-30F and G testing was started in 1966 with phase testing at 24 month
intervals (Report Numbers 78 - zero time; 104, 162, 185 - Phase 1; 176, 239,
257 - Phase II; 271 - Phase III). Report number 257 was the first time that
LGM-30F and G data were statiatically analyzed separately from LGM-30A and
B data. The present report is a continuation of testing and statistical
analysis.

Zexro time testing for LGM~30 A, B, F, and G was started as soon as pos-
sible after receipt of the propellant by MANPA. Data from these tests were
used to establish a base line for each test parameter.

The LGM-30F and G propellant test matrix (Table 1) is used to determine
the number of specimens to be taken from each propellant loaf and the spe-
cific test or tests to which these specimens are to be subjected. Vey low
rate and low rate tensile specimens are taken an all LGM-30F and G blocks.

Specimens for other physical and combustion tests are taken from every third

(LGM=-30F and G) block.

~ ™
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STATISTICAL APPROACH

In order to determine aging trends for shelf/service life predictions,
as directed by Service Engineering, First Stage LGM-30 F and G Minuteman
TP-H101l propellant blocks have been undergoing testing since 1966, statis-
tically analyzed and reported on a regular test cycle by this laboratory.

The primary reason for performing statistical analysis on test data is
for the detection of propellant changes due to aging that would affect motor
reliability. Regression analysis was the method used to_examine data and
to aid in drawing conclusions about dependency relationships that may exist
i.e., relationship between age versus test results.

In selecting the best fit model for the regression equation, the linear
model Y = a +bX was found to be the best fit model for the regression plots.

Individual data points from different time periods were used to estab-
lish a least squares trend line for the data. The variance about the fegres-
sion line, obtained using individual values of the dependent variable, was
used to compute a tolerance interval such that at the 90% confidence level
90% of the sample distribution falls within this interval. This tolerance
interval was extrspolated to a maximum of 2k months into the future from
age of the oldest motor tested. The 't' value and the significance of this
statistic, which are reported for each regression model, give an indication
of the "statistical significance” of the slope of the trend line as compared
to a8 line of zero slope. When a regression slope is indicated to be signifi-
cant, it should be noted that the slope of the regression line is significant
from a statistical standpoint and it is an indication that a change over time

is occurring, but does not necessarily mean that the indicated change in the
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value obtained during testing is significant in regards to motor operational

performance. In a few cases, this small change has become the apparent trend

in data variance and regression line trends. However, the changes are grad-
ual and no operational problems are expected at this time.

The data were plotted by computer. The 'y' axis is computed so that the
values at one inch intervals are peculiar to the data spread of the parameter
tested. Plotted data points represent means at the particular ages at which
testing occurred. The number of specimens at each age point is indicated on
the sample size summary sheet accompanying the regression plot. Variance at

each test age can be determined by consulting the GO85 data storage system.

A regression summary of all test parameters is included in Table 2.

The direction of the regression trend lines are also indicated im Table 2.
The slopes that are "statistically' not significant from a line of zero

slope are labeled as such. 1
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TEST RESULTS
VERY LOW RATE TENSILE:

Very low rate regressions show a statistically significaht decrease
for strain at maximum stress and strain at rupture. The stresses and
modulus show a statistically significant increase (Figures 1 thru 5).
The trends are gradual for the respective regressions and no operational
problems from the propellant are expected for at least two years beyond

the last test date.

LOW RATE BIAXIAL TENSILE:

The strain at maximum stress regression shows a statistically signi-
ficant gradual increase with the strain at rupture showing no statis-
tically significant change. The stresses and modulus show a statistically

significant increase (Figures 6 thru 10).

LOW RATE TENSILE:
Low rate tensile data regressions show a statistically significant
gradual decrease for strains and a statistically significant increase

for stresses and modulus (Figures 11 thru 15).

HIGH RATE TRIAXIAL TENSILE:I

The strain at maximum stress, strain at rupture and modulus regres-
sions show a statistically significant decrease. Maximum stress shows
a statistically significant increase. Stress at rupture does not show !

a significant change (Figures 16 thru 20).

HIGH RATE HYDROSTATIC TENSILE:
The strains show a statistically significant decrease. The stresses

and modulus show a statistically significant increase (Figures 21 thru 25). l
|
i
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TEAR ENERGY:
The cohesive energy shows a statistically significant decrease

(Figure 26).

TENSILE SUMMARY:

The test data regressions show that the strain is gradually
decreasing and the stress and modulus gradually increasing.

Based on the analysis of test data regressions, it does not appear
that meaningful degradatior is occurring at this time and no operational
problems are expected in the propellant for at least two years beyond

the last data point.

STRESS RELAXATION MODULUS:

For the 0.5% strain at -65°F, the regressions for data at 10, 50, 100,
and 1000 seconds show a statistically significant increase (Figures 27
thru 30).

At -40°F, the 10, 50, and 100 second regressions show a statistically
significant increase. The 1000 second regression shows no change

(Figures 31 thru 34)

The 3% strain regressions at 20°F, 77°F, 100°F, 140°F, and 180°F all

show a statistically significant increase (Figures 35 thru 54).

SO GEL:
The % extractables and density are not significant. The gel swell
ratio and crosslink density regressions show a statistically significant

increase (Figures 55 thru 58).

CONSTANT STRAIN:
A statistically significant decreasing trend is shown for the constant

strain (Figure 59).




HARDNESS :
Shore A ten second hardness shows a statistically significant increasing

trend (Figure 60).

SUMMARY OF SOL GEL, TENSILE, AND HARDNESS DATA:
The crosslink density, constant strain, and hardness data regressions
correlate well with the tensile data. As the polymer continues to cross-

link, the strains decrease and stresses increase.

PRESSURE TIME:
Maximum pressure and time to maximum pressure shows a statistically

significant gradual decreasing trend (Figures 61 and 62).

TCLE (Thermal Coefficient of Linear Expansion):
The TCLE for both above and below the glass transition point (Tg)

shows a statistically significant increasing trend (Figures 63 and 64).

TGA (Thermal Gravimetric Analysis):

A statistically significant increase is shown for the ignition temper-
ature (9°C rise/min), and weight loss at ignition. No significant trend
was observed for weight loss at 250°C hold (12°C rise/min to hold) (Fig-

ures 65 thru 67).

DTA (Differential Thermal Analysis):

The endotherm and first and second exotherms show a statistically
significant decreasing trend. The third exotherm shows a statistically
significant increasing trend and the ignition temperature shows no

significant change (Figures 68 thru 72).
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BURNING RATE:
The burning rate shows a statistically significant gradual increase

(Figure 73).

THERMAL AND COMBUSTION SUMMARY:

The time to maximum pressure from the pressure time data and burniang
rate data show a correlation. In both cases, the regressions show a gradual
increase in rate of reaction.

The ignition temperatures for TGA shows a gradual increase.

From the analyses of the regressions, no combustion problems are

expected for at least two years beyond the oldest data point.
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CONCLUSIONS

Fifteen and one-half years of aging at ambient temperature (77°F) has
not greatly changed the properties of the propellant. Some test parameters
indicate slight aging trends, but nothing that would adversely affect the
operational characteristics of the rocket motor propellant.

From the statistical analysis, it does not appear that significant
propellant degradation is occurring. Based on fifteen and one—ha}f years
of accumulated data, there is no reason to suspect that properties will
show much change for at least two years past the last data point. There-
fore, propellant reliability should not change appreciably over that time
period. Since failure limits are not available for the parameters tested,
this statement is based on the fact that the slope of the regression curves
where statistically significant are, with few exceptions, relatively flat
or close to a line of zero slope and have not.changed appreciably from the

last test period.
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TABLE 2
Regression Summary
Test Parameter Slope

Very Low Rate Tensile
Strain at Maximum Stress
Maximum Stress
Strain at Rupture
Stress at Rupture
Modulus

+ 41+

Low Rate Biaxial Tensile
Strain at Maximum Stress
Maximum Stress
Strain at Rupture N
Stress at Rupture
Modulus

“4++

+

Low Rate Tensile
Strain at Maximum Stress
Maximum Stress
Strain at Rupture
Stress at Rupture
Modulus

40+

High Rate Triaxial Tensile
Strain at Maximum Stress -
Maximum Stress
Strain at Rupture
Stress at Rupture NS
Modulus -

1+

High Rate Hydrostatic Tensile
Strain at Maximum Stress
Maximum Stress
Strain at Rupture
Stress at Rupture
Modulus

+4 01+

Tear Energy

Stress Relaxation
-659, 10 sec
-65°, S0 sec
-65%, 100 sec
-65°, 1000 sec

++4++

-40°, 10 sec
-40°, 50 sec
-40°, 100 sec
-40°, 1000 sec

[0 2 K

2%

- 10 -
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TABLE 2 (cont)

Regression Summary

Test Parameter Slope
+20°, 10 sec +
+20°, 50 sec +
+20°, 100 sec +
+20°, 1000 sec +
+77°, 10 sec +
+77°, 50 sec +
{ +77°, 100 sec +
+77°, 1000 sec +
+100°, 10 sec +
+100°, 50 sec +
+100°, 100 sec +
+100°, 1000 sec +
+140°, 10 sec +
+140°, 50 gec +
+140°, 100 sec +
+140°, 1000 sec +
+180°, 10 sec +
+180°, 50 sec +
+180°, 100 sec +
+180°9, 1000 sec +
Sol Gel
% Extractables ! NS
Density NS
Gel Swell Ratio +
Croeslink Density +
Constant Strain -
Hardness, Shore A, 10 sec . +
Pressure Time
Maximum Pressure -
Time to Maximum Pressure -
TCLE
Above Tg +
Below TB +
TGA
Ignition Temperature +
% Weight Loss at 250° NS
X Weight Logs at Ignition +

-1 -




TABLE 2 (cont)

Regression Summary
Test Parameter

DTA
Endotherm 1
Exotherm 1
Exotherm 2
Exotherm 3
Ignition Temperature

Burn Rate, 1000 psi

NS = Not Significant
- = Negative Slope
+ = Pogitive Slope
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